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ABSTRACT: The experiences in the rst few years of children are critical in shaping their future
lives and ensuring that they achieve their full potential. Research has shown that both cognitive
and non-cognitive abilities are important determinants of future socioeconomic outcomes, health and
wellbeing. Furthermore, the activities that parents carry out with children at home (parental input or
investment) have a signicant e¤ect in childrens development. Using the Millennium Cohort Study
we estimate a dynamic factor model of child development in the UK applying the framework of Cunha
and Heckman (2008). Exploiting the wealth of information in the dataset, our model of development
follows children from birth until seven years of age. We nd a signicant self-productivity e¤ect in
both cognitive and non-cognitive development. We also nd evidence of dynamic dependence across
di¤erent abilities; non-cognitive development increases cognitive development in the following period
but cognitive development only appears to inuence signicantly non-cognitive development in the
pre-school years. Parental investment is another signicant inuence in childrens developmental
trajectories. Furthermore, we nd substantial evidence of two distinct parental investment latent
variables which evolve over time.
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1 Introduction
The critical importance of the rst few years of childrens life in shaping not only their future
achievements but also their future health and wellbeing is widely recognised. Research has
shown that the levels of cognitive and non-cognitive development inuence schooling decisions,
employment and wages, teenage pregnancy, smoking, participation in illegal activities and
incarceration (Feinstein 2003, Heckman et al. 2006, Blanden et al. 2007) and also drive in part
health inequalities in adulthood (Conti and Heckman 2010)
Di¤erences between childrens cognitive and non-cognitive abilities form very early in life.
By the time children reach school age, there are wide di¤erences in their abilities and the
evidence shows that children from disadvantaged backgrounds do worse in terms of cognitive and
behavioural development (Shonko¤ and Phillips 2000, NICHD 2005, Heckman 2006, Kiernan
and Huerta 2008, Hobcraft and Kiernan 2010). These early gaps are highly persistent over
time with disadvantaged children having lower life-coping abilities (see Neal and Johnson 1996,
Feinstein 2000, Carneiro et al. 2005, Cunha et al. 2006 amongst others).
Parental input into child development is the focus of much recent research but there is
a long history of related work in various elds. For example, in developmental psychology,
epidemiology, sociology, child health and development (Mercy and Steelman 1982, Bergeman
and Plomin 1988, Bradley et al. 1989, 2006, Kiernan and Huerta 2008, Lugo-Gil and Tamis-
LeMonda 2008, Melhuish et al. 2008, Kelly et al. 2011, Byford et al. 2012) and more recently
in economics (Cunha and Heckman 2008, Ermisch 2008, Currie 2009, Melhuish 2011, Aizer and
Cunha 2012) the emphasis of research is on the importance of the parenting quality and the
home environment dened in terms of the quality of stimulation and support available to the
child. Parental investment in children has been found to have its greatest impact on cognitive
development in the early years, but at a later stage for non-cognitive development (Cunha and
Heckman 2008, Cunha et al. 2010). In the UK, a number of studies using the Millenium Cohort
Study (see Ermisch 2008, Kiernan and Mensah 2009, 2011, Schoon et al. 2010, 2011, Kelly et
al. 2011 amongst others) have shown that parental input plays a signicant role in explaining
child development.
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Although research in child development across di¤erent disciplines has been largely inde-
pendent, important common ndings are emerging. Skill development is a dynamic process
which builds on earlier skill levels. This process depends not only on genetics but also builds
on experiences beginning in the prenatal period (Currie and Moretti 2007, Currie 2011). At
the same time di¤erent skills are intertwined fostering higher levels of complementary skills in
the future (Knudsen et al. 2006).
The highest priority recommendation of the Marmot Review (2010) was "to give every child
the best start in life". The document setting out the Governments policy framework (DfE 2011)
emphasizes the fundamental importance of childrens development during the foundation years
so that children are ready for school and can take full advantage and fulll their potential. At
the same time, the document stresses the inuence of parenting behaviour and the impact of
the home learning environment on childrens development in those early years. It is at this
early age that interventions to mitigate disadvantage is likely to be most e¤ective (Shonko¤
and Phillips 2000, Heckman 2006, Knudsen et al. 2006, Allen 2011). For this reason there are
many policy initiatives aimed at reducing inequalities in the formative years. Despite recent
e¤orts the "Two Years On" data recently released by the UCL Institute of Health Equity shows
that, although there has been a small improvement in the proportion of children achieving a
good level of development by the age of 5, this still leaves 40% who fall short, and the marked
social gradient in child development still remains (UCL Institute of Health Equity 2012).
To be able to design e¤ective policy interventions it is necessary to understand the complex
dynamic interactions between the development of childrens skills, both cognitive and behav-
ioural and their home environment. In this paper using the framework of Cunha and Heckman
(2008) we estimate a dynamic factor model of child development for the UK. We use longitu-
dinal data from the Millennium Cohort Study, which has been following a cohort of children
born in 2000-01. To our knowledge, this is the rst comprehensive study which models ability
formation in very young children in the UK. The dataset allows us to model cognitive and non-
cognitive development from birth up to the age of 7. In addition, the present paper departs
from the current literature in one important respect as we investigate parental input and its
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measures in more detail.
The structure of the paper is as follows. Section 2 outlines a dynamic model of child
development. Section 3 discusses in detail the datataset and variables used in the analysis.
Section 4 presents the results and section 5 concludes.
2 A dynamic model of child development
The framework of analysis uses the theoretical model of development presented in Cuhna and
Heckman (2008) which is a generalization of the model by Todd and Wolpin (2007). The model
formalises the growing body of evidence that cognitive and non-cognitive skills are interrelated
and evolve jointly over time. The levels of cognitive and non-cognitive skills depend on the
initial endowments a child is born with, the socioeconomic circumstances the child grows up
in and the continuous inuence of the parents through their investment. Parental investment
is broadly dened as the set of activities carried out with the child and their more direct
contributions to their education.
More formally, let t =
 
Ct ; 
N
t
0
represent the vector of latent developmental variables
in period t; Ct and 
N
t are the stocks of latent cognitive and non-cognitive skills in period t
respectively. Childhood can be divided in T time periods, t = 0; 1; :::T   1, not necessarily
equivalent to a year. This developmental state evolves over time according to the following
dynamic process:
t = Att 1 +Btt 1 +CtXt + t, t = 1; 2; : : : ; T   1 (1)
where t is a (r  1) latent vector representing the parental investment at time t towards the
development of the child. The model allows for the possibility that more than one latent factor
(r 6= 1) underlies parental investment. At, Bt and Ct contain time-varying coe¢ cients, Xt
is a matrix of observed variables representing the childs current socioeconomic environment
and t is a random error assumed to be independent across individuals and independent over
time for the same individual with contemporaneous covariance matrix t. The relationship
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in (1) allows for a cumulative e¤ect of parental investment, with past investments built into
the current developmental state and new investments inuencing development into the next
period. In addition, the latent vector of parental investment at time t is also a function of a
matrix of observable variables XIt
t = C
I
tX
I
t + 
I
t , t = 1; 2; : : : ; T   2 (2)
where CIt is a matrix of coe¢ cients and 
I
t are random errors independent across individuals
and over time and independent of t.
We assume the following equations for the initial period of observation
0 = C0X0 +  (3)
0 = C
I
0X
I
0 + 
I
0 (4)
where the matricesX0 andXI0 include variables representing family background as well as natal
and prenatal circumstances and immediate post-natal factors such as breastfeeding. These two
matrices do not necessarily contain the same set of variables. The random error  is assumed
independent of t, 
I
0 and 
I
t with covariance matrix . All random errors are assumed to be
normally distributed.
2.1 Model for the measurements
Both the vector of the developmental state, t, and the vector of parental investment in the
child, t, are latent variables and cannot be observed directly. However, the survey contains
many observable outcome indicators or measures, denoted by Y ki;t; k 2 fC;N; Ig ; i = 1; : : : ;mkt ,
which can be used as imperfect measures of the unobserved variables with mkt denoting the
number of indicators of each latent variable at time t. These measures can be continuous or
categorical.
Assuming that the outcome measures for cognitive and non-cognitive development are con-
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tinuous1 and the outcome measures used to identify parental investment are categorical, the
measurement system can be written as:
Y st = D
s
t
s
t +G
s
tZ
s
t + "
s
t s 2 fC;Ng (5) 
Y It

= DItt +G
I
tZ
I
t + "
I
t (6)
yIj;t = r i¤ 
j
r 1 
 
yIj;t
  jr, j = 1; : : : ;mIt and r = 1; : : : ; Rjt (7)
where j0 =  1 and jRjt = +1, R
j
t is the number of response categories for the outcome
measure at time t; Zkt , k 2 fC;N; Ig, are matrices of variables specic to particular measures;
Dkt and G
k
t are matrices of coe¢ cients and "
k
t are normally distributed random errors of the
measurement equations with a diagonal covariance matrixt"". Thus, all the correlation between
the outcome measures at time t is due to the underlying e¤ect of the latent variables and the
covariates Zkt . The matrices of coe¢ cients D
k
t are known as the matrices of factor loadings and
the relative size of these coe¢ cients give an indication of the importance of the measure in the
underlying latent variable.
The dynamic factor model of equations (1) to (7) is estimated using Mplus version 6.1
(Muthén and Muthén, 2010).
3 Data
The Millennium Cohort Study (MCS) is a longitudinal cohort survey that follows the families
of around 19,000 children who were born in 2000-2001 in the UK. Its initial design oversampled
families living in areas with high proportions of ethnic minorities in England, areas where child
poverty was high and the three smaller countries of the UK (Wales, Scotland, and Northern
Ireland). For a more thorough discussion of the MCS sampling design see Plewis (2007). Given
the stratied design of the survey we use sampling weights in all the analyses reported in this
paper.
1The outcome measures for both cognitive and non-cognitive development in the initial period are binary
variables and treated as such but for simplicity of exposition we ignore it here.
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The data are collected via both direct interview and by self-completion. In the majority of
cases the main individual providing information about the household and child is the mother
(or mother gure) but fathers/father gures are also interviewed. Four waves are available for
2001-2002, 2003-2004, 2006 and 2008 when the children were 9 months, 3 years, 5 years and 7
years old respectively. The MCS o¤ers a wealth of socioeconomic variables and a guide to the
datasets can be found in Hansen (2012).
Originally 20,646 families were contacted, of which 18,552 families responded (almost 90%
response rate). The total number of cohort members in this wave was 18,818 children including
256 and 10 sets of twins and triplets respectively. In wave 2, some new-familieswere added to
the survey, however they cannot be included in our analysis as the information at 9 months is
missing. We excluded from the analysis all twins and triplets (522), babies admitted to a special
care unit immediately after they were born (1604) and babies with birth weight under 2500
grams (660). This leaves us with 16,032 children in our rst wave sample. The nal sample
used in analysis contains to 9,089 children due to missing data on essential covariates and
attrition (the fourth wave collected data on 13,857 families and 14,043 children). No additional
observations are lost due to missing values in the measurement equations.
Details of the variables used as measures of cognitive development, non-cognitive develop-
ment, parental investment and other covariates are given below.
3.1 Cognitive development
A wide range of measures of cognitive ability are used in the MCS dataset although not all
them are used in each wave of the survey.
Cognitive development at age 9 months is measured using the Denver Developmental Screen-
ing Tests (DDST). DDST is an assessment widely used for examining the development of chil-
dren from birth till age 6 years. The test was rst devised in 1960 (Frankenburg et al. 1967)
with major revisions in 1992 (Frankenburg et al. 1992). The test assesses children on 125 items
grouped into four di¤erent areas. The MCS only uses a subset of the items covering three areas:
Fine motor function: eye/hand co-ordination, and manipulation of small objects, e.g. grasping,
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passing, picking, putting hands together; Gross motor functions: motor control, e.g. sitting,
walking, standing and other movements; Communicative gestures: production of sounds, abil-
ity to recognise, understand and use of language, e.g. smiles, gives toy, waves bye-bye, extends
arms, nods for yes. A baby is classied as having a delay in an item if s/he is unable to perform
a task 90% of babies in the same age group can. If a baby shows delays in more than one
item in an area, s/he is classied as having a delay in that area. This classication is based on
answers from the main respondent of the survey.
There is a range of standard tests of cognitive development in the other waves administered
to the child by a trained interviewer: British Ability Scales Naming Vocabulary (BAS-NV);
BAS Word Reading (BAS-WR); BAS Picture Similarity (BAS-PS); BAS Picture Construction
(BAS-PC); Bracken School Readiness Assessment (BSRA); and Progress in Maths (PiM) test.
BAS-NV is a verbal scale which assesses spoken vocabulary. The children are shown a series
of coloured pictures of objects one at a time which they are asked to name. The scale measures
the childrens expressive language ability. This test was administered to the children at ages 3
and 5 years. In BAS-PC, the child constructs a design by putting together at squares or solid
cubes with black and yellow patterns on each side. The childs score is based on both speed and
accuracy in the task. This test was carried out at ages 5 and 7 years. The BAS-PS test assesses
pictorial reasoning; the test was carried out only at age 3 years. Finally, in the BAS-WR the
child reads aloud a series of words presented on a card. This test is an age appropriate version
of BAS-NV, and was administered to the children when they were 7 years old. Further details
on BAS tests can be found in Elliott et al. (1996, 1997).
BSRA is used to assess the conceptual development of young children across a wide range
of categories in separate subtests. The MCS employs six of the subtests which specically
evaluate: colours, letters, numbers/counting, sizes, comparisons and shapes. The BSRA test
result used is a composite score based on the total number of correct answers across all six
subtests. This test was carried out when the children were 3 years old. For information on the
BSRA see Bracken (2002).
Childrens numerical and analytical skills at age 7 years were assessed using a variant of the
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National Foundation for Educational Research (NFER) standard Progress in Maths (PiM) test
in which children are examined on a range of tasks covering number, shape, space, measures
and data.
Table A1 in the appendix shows sample summary statistics of these cognitive measures.
The measures at 9 months are binary and show very low proportions of children with motor
function delays. Delays in communicative gestures appear more common in the sample. The
scores of the cognitive tests at all other ages except the PiM test have been standardised and are
age adjusted in 3 months intervals. The sample means of these tests are all above 50 showing
a slightly higher score than the norming groups used in the BAS tests to normalise the test
scores. There are a larger number of missing values in the tests when the children are 3 years
old.
3.2 Non-cognitive development
Non-cognitive or behavioural development at 9 months is measured using selected items from
the Carey Infant Temperament scale (Carey 1972; Carey and McDevitt 1978) which capture
the temperament of the children (reported by the mother) across three dimensions: mood,
adaptability to new situations and regularity. Each dimension includes a range of questions
and a total score for each of the three dimensions is obtained by adding the individual scores.
High scores on the rst two dimensions indicate distress and withdrawal while high scores on
the last dimension indicate regularity. A child is classied as being di¢ cultif his/her score
on a dimension is lower than the average score for the cohort.
The non-cognitive abilities of the children in the rest of the waves are assessed using the
Strength and Di¢ culties Questionnaire (SDQ) (Goodman 1997). The SDQ is located in the
self-completion questionnaire lled by the mother. It comprises 25 questions designed to capture
the behavioural attributes of 3 to 16 year olds. The 25 questions are then grouped to assess
children on ve di¤erent scales: Emotional Symptoms Scale: complains of headaches/stomach
aches/sickness, often seems worried, often unhappy, nervous or clingy in new situations, easily
scared; Conduct Problems Scale: often has temper tantrums, generally obedient, ghts with or
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bullies other children, can be spiteful to others, often argumentative with adults; Hyperactivity
Scale: restless, overactive, cannot stay still for long, constantly dgeting, easily distracted,
cannot stop and think before acting, sees tasks through to the end; Peer Problems Scale: tends
to play alone, has at least one good friend, generally liked by other children, picked on or bullied
by other children, gets on better with adults. Pro-social Scale: considerate of othersfeelings,
shares readily with others, helpful if someone is hurt, upset or ill, kind to younger children,
often volunteers to help others.
A higher number indicates worse behavioural problems for the rst four scales, the reverse
is true for the pro-social scale. The rst four scales are often combined to obtain a total
di¢ culties score for the child and it has been argued that the pro-social scale captures a di¤erent
concept: ..the absence of prosocial behaviours is conceptually di¤erent from the presence of
psychological di¢ culties.(Goodman 1997, page 582). For this reason the measure is excluded
from the present analysis.
The bottom panel of Table A1 in the appendix presents summary statistics of the measures
of non-cognitive development in our sample. The hyperactivity, emotional symptoms and peer
problems scales are relatively stable over time with perhaps a small tendency for the mean to
increase at the age of 7. In contrast, there is a clear movement towards less conduct problems
as children get older with a signicant drop between the ages of 3 and 5 (mean from 3.307 to
2.473) but it tends to stabilise between the ages of 5 and 7.
3.3 Parental investment
Parental investment at 9 months is measured using the mothers attitudes towards child rearing.
Responses to four questions about the importance for development of talking to the baby,
cuddling the baby, stimulating the baby and having a regular sleeping and eating time for the
baby are used.
Responses of the mother to a wide range of questions are used at the ages of 3 and 5 to
measure parental investment. Table A2 in the appendix shows the sample summary statistics
and the coding of the di¤erent measures. The majority of the questions are identical in both
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waves but the wording of some of the questions changes in order to reect the developmental
stage. For example, when the children are 3, mothers are asked about the frequency their child
is helped with the alphabet. At age 5 they are asked instead about the frequency their child is
helped with reading and, separately, with writing.
The questions cover a wide range of activities parents may carry out with their children.
These span activities which are directly related to preschool/school (for example " How often
does someone at home help [Cohort childs name] with numbers, counting and adding up?")
and other leisure activities indirectly related (such as "How often do you draw, paint or make
things with [Cohort childs name]?"). Many of the questions are not specic about the person
doing the activity with the child but some are. One such question is "How often do you read
to [Cohort childs name]?" which is asked separately to both the mother and the father. This
question gives us information about the degree of involvement of the father in these parenting
activities.
There are also more general questions about everyday routines like regular bedtimes and
hours spent watching television.
Table A2 in the appendix presents some summary statistics of these variables. The means
of the answers to these questions are similar at 3 and 5 years suggesting that parenting styles
are quite persistent over time. The only exception is the downward trend in the mean of
the frequency of drawing/painting/making things which might reect the childrens increasing
independence in choosing these type of activities as they grow up.
3.4 Covariates
A number of covariates are used in the analysis. To control for di¤erences in the starting
developmental position of children, equation (3), we use birthweight, the number of months
the baby was breastfed, the age of the mother at birth and parental socioeconomic status.
The initial level of parental investment, equation (4) is a function of parental socioeconomic
status (NS-SEC 5 classes), level of education of the mother (a dummy for an NVQ level 5
or higher) and the household composition measured by the number of siblings in the family
11
and the absence of a partner in the household. These same covariates are also used in the
latent parental investment equations in each time period (2) with the addition of a dummy
variable at the age of 5 to indicate a specially arranged meeting with the school teachers. In
the dynamic developmental equation for cognitive development at age 5 which is part of the
system of equations in (1) we control for the number of months the child had been attending
school when the cognitive assessment was made.
Covariates in the measurement equations (5) and (6) capture systematic di¤erences in the
outcome measures for the same level of the latent variable.
Meltzer et al (2000) found that more behavioural problems are reported for boys and Good-
man (1997) suggested using a di¤erent (higher) threshold for boys. The evidence on di¤erences
in reporting according to ethnicity is mixed. In a UK study Hackett and Hackett (1993) found
that Gujarati parents have a more stringent concept than English parents of what constitutes
acceptable behaviour. Studies such as Miner et al. (2008), Atzaba-Poria et al. (2004) and
Zwirs et al. (2006) found di¤erences in reporting according to ethnicity, however, Goodman et
al (2011) reported no signicant di¤erences. To allow for di¤erences in reporting two dummy
variables, one for male and one for white ethnic background are included in the measurement
equations for non-cognitive ability.
The measurement equations for cognitive ability include the age of the child at the time the
assessment was made in all time periods. Even though the cognitive measures used are dened
relative to age groups, these age groups are dened in three months intervals and on a norming
sample di¤erent to the MCS sample. Therefore, it is recommended for age to be included
as a control variable (Hansen 2012). Other variables included in the cognitive measurement
equations at 3, 5 and 7 years are a dummy for white ethnic background and a set of dummies
identifying children who speak only English at home, English with some other language or other
language but no English. In addition, when the children were 5 the interviewer recorded his/her
perception of the childs fatigue at the time of the assessment. Two dummies, one for children
who were a little tiredand another for children who were very tiredare used as covariates
with the baseline category being wide awake. No covariates are used in the measurement
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equations for parental investment in the nal model.
Table A3 in the appendix presents summary statistics of all the covariates. The sample is
split equally between boys and girls, the majority of the children are of a white background
and only speak English at home. The average age of the mother at birth is 29 and it ranges
from 13 to 48. In terms of socioeconomic status, the largest group is in managerial/professional
occupations, followed by the baseline group, semi-routine/routine. The number of mothers
with an NVQ 5 or higher remains unchanged in the rst two waves with a small increase in the
third wave.
Single parent households are a relatively small group and there is a tendency for this group
to become more numerous with time. The number of siblings as expected also tends to increase
with time. Perhaps surprisingly the parents of 16 percent of our sample had an specially
arranged meeting with the teachers when the children were 5 years old. Unfortunately, the
survey does not provide any information about the reasons for the meeting and these could be
very wide ranging.
4 Results
This section discusses the estimation results. First, the parameter estimates for the di¤erent
parts of the model are presented. Afterwards, we illustrate the dynamics implied by the model
comparing the relative developmental positions of three children from the sample over time.
The initial period of observation (t = 0 in the model in Section 2) corresponds to 9 months of
age and includes data and variables relating to the time when the child was born. The next
three periods (t = 2; 3; 4) correspond to ages 3, 5 and 7.
4.1 Parameter estimates
A model with contemporaneous correlations between the errors in the latent cognitive and
non-cognitive development equations was estimated initially but all of the correlations were
found to be highly insignicant. The restrictions of no contemporaneous correlations cannot
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be rejected with 2 test statistic of 2.747 with 4 degrees of freedom (p-value 0.6010). Therefore
the model with no correlations is reported below.
Initial period latent equations
The estimated coe¢ cients C0 and CI0 of the initial period equations (3) and (4) are shown
in Table 1. The ndings are in line with previous studies. Birthweight is positively and
signicantly related to the levels of both cognitive and non-cognitive development in the initial
period. The duration of breastfeeding is also positively related to both however it is not
statistically signicant at standard levels in the equation of cognitive development. The age of
the mother at birth is also signicant in both equations and exhibits a concave relationship;
the maximum size e¤ect is reached at around 28 years of age in the cognitive development
equation and at around 37 in the non-cognitive development equation. The socioeconomic
status of the household at the time of the birth shows also a signicant relationship to the level
of development of the child with increasingly higher coe¢ cients found for higher socioeconomic
groups. The only exception is the coe¢ cient of the group of intermediate occupations in the
cognitive development equation.
The signs of the coe¢ cients of the parental investment equation are mainly as expected
with higher mothers education and socioeconomic status of the household having a positive
relationship to the level of parental investment and the number of siblings having a negative
relationship. Perhaps surprisingly, in this initial period being a single parent household is
associated with a higher level of parental investment. Nevertheless, only the coe¢ cients of the
highest two socioeconomic groups are statistically signicant at standard levels.
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Table 1: Estimated parameters of the initial latent equations (standard errors
in brackets)
Cognitive Non-cognitive Parental
Covariate development - C0 development - 
NC
0 investment - 0
Birthweight 0.169*** 0.021**
(0.039) (0.008)
Breastfeeding (months) 0.024 0.014**
(0.016) (0.006)
Breastfeeding (months) squared 0.000 -0.001**
(0.002) (0.001)
Age of mother at birth/10 0.409* 0.300***
(0.239) (0.102)
Age of mother at birth/10 squared -0.074* -0.041***
(0.040) (0.014)
Parental socioeconomic status
- managerial/professional 0.206*** 0.097*** 0.359***
(0.055) (0.031) (0.060)
- intermediate 0.062 0.087*** 0.256***
(0.050) (0.029) (0.070)
- small employer/self employed 0.174*** 0.031** 0.101
(0.064) (0.014) (0.086)
- lower supervisors/technical 0.070 0.019 0.028
(0.055) (0.012) (0.077)
Mother NVQ 5 or higher 0.028
(0.112)
Number of siblings -0.020
(0.044)
Single parent household 0.104
(0.175)
*** 1%, ** 5%, * 10% level of signicance
Measurement equations
The measures available in the rst wave are somewhat limited compared to the rest of the
periods. The rst column of Tables A4 and A5 and Table A6 in the appendix report the pa-
rameter estimates of the measurement equations at 9 months for the cognitive, non-cognitive
and parental investment latent variables respectively. The signs are as expected. Higher lev-
els of cognitive development lead to lower probabilities of gross and ne motor function and
communicative gestures delays. Similarly, higher levels of non-cognitive development decrease
the probabilities of showing low positive mood, distress to novelty and irregularity. In terms of
parental investment, the probabilities of strongly agreeing with the importance of stimulating,
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talking and cuddling the baby and regular sleeping and feeding habits increase for higher levels
of the underlying latent variable. The largest loading is on the importance of talking to the
baby and the lowest is on the importance of regular sleeping and feeding times.
Columns 2 to 4 of Tables A4 and A5 in the appendix report the estimated coe¢ cients of
the measurement equations of cognitive and non-cognitive development variables respectively
at ages 3, 5 and 7. The factor loadings are signicant and have the expected signs. In addition,
there are a number of points around the e¤ects of the covariates worth mentioning. It is found
that for the same level of development, children who speak a second language at home tend to
score lower in cognitive tests. The e¤ect, however, is only signicant for one of the measures
of cognitive development by the time children are 7 years of age. We also nd that mothers
tend to report higher levels of hyperactivity and conduct problems for boys and more emotional
problems for girls (at 5 and 7 years) for the same level of latent non-cognitive development.
When the children are 3 and 5 years old, the survey contains many more usable measures of
parental investment and we conduct an exploratory factor analysis to investigate the possibility
that more than one latent variable underlies parental investment. Unlike most studies which
make the assumption of only one latent parental investment, we nd evidence of two separate
latent variables underlying parental investment with changes in composition over time. Table
A7 in the appendix presents a summary of the results. In both waves we nd that all the
statistics and indicators point towards two latent factors in parental investment2.
Table 2 presents the parameter estimates DIt of the measurement equations (6) for the
parental investment latent variables at ages 3 and 5 after splitting the measures according to
the results of the factor analysis. Note that no additional covariates are included in the parental
investment measurement equations. The rst factor is a more general factor which includes
activities that parents and children carry out together as well as TV watching and bedtime
routines. The second factor is more focused on helping children with pre-school and school
related matters. At the age of 3, there are no cross loadings across the factors, that is, only
2In both cases there are two eigenvalues above 1, the Root Mean Square Error of Approximation is signif-
icantly under 0.05, both CFI and TLI are above the usual rule of thumb of 0.95 and the Standardised Root
Mean Square Residual is also at an acceptable value.
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one of the factors appears in each of the measurement equations. However, by the age of 5,
there are cross loadings in two measures; the frequency the child paints/draws at home and
the frequency the child is helped with reading. Nevertheless, the second factor remains clearly
related to school activities.
Table 2: Estimated parameters of the parental investment measurement equations.
Age of child - 3 years Age of child - 5 years
Measure (1)1 
(2)
1 
(1)
2 
(2)
2
Frequency mother reads to the child 1 1
(-) (-)
Frequency father reads to the child 0.544*** 0.173***
(0.052) (0.020)
Frequency child taken to the library 0.392*** 0.164***
(0.041) (0.022)
Frequency child paints/draws at home 1 0.217*** 1
(-) (0.025) (-)
Frequency child helped with alphabet 2.357***
(0.198)
Frequency child helped with reading 0.535*** 2.165***
(0.067) (0.157)
Frequency child helped with writing 4.258***
(0.301)
Frequency child helped with counting/maths 4.206*** 2.882***
(0.633) (0.170)
Frequency regular bedtime 0.409*** 0.174***
(0.043) (0.023)
Frequency watching TV -0.175*** -0.085***
(0.027) (0.014)
*** 1%, ** 5%, * 10% level of signicance
It is of note that at the age of 3 years, the two largest coe¢ cients (factor loadings) in the
more general factor are in the equations for the measures of the frequency with which the
mother and the father read to the child. By the age of 5, the frequency the mother reads to
the child still has the largest factor loading but the coe¢ cient in the measure of the frequency
the father reads to the child is now much smaller in relative terms. At this age, the frequency a
child is helped with reading becomes the second largest. When looking at the second parental
latent variable we nd that the largest factor loading at age 3 is in the measure of help with
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counting being overtaken by help with writing by the age of 5 following the patterns of learning
over time.
Latent parental investment equations
Table 3 depicts the estimated coe¢ cients CIt of the parental investment equations (2) at
ages 3 and 5. The coe¢ cients are in line with those of the initial period. Mothers with NVQ
level 5 and higher tend to have a higher average parental investment in the child. The presence
of other siblings and the absence of a partner in the household are associated with lower
average parental investment. Households with high socioeconomic background have higher
average parental investment in the child. It is of note however, that the socioeconomic status
dummy variables are not signicant in the factors related directly to school activities. In fact,
none of these variables are signicant in the equation for the latent parental investment of
school activities at age 3 but by the age of 5, the time when children have started the rst
compulsory year at school, mothers education, the number of other siblings and having had
a specially arranged meeting with the teachers become signicant. Even though the parental
socioeconomic variables are not signicant, it is worth noting that the mean parental investment
appears to go down as we move up the socioeconomic groups. This could be the result of the
ability of parents of higher socioeconomic groups to choose better quality schools for their
children which might in turn lead them a lower parental investment and an increased reliance
on the school for academic achievements.
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Table 3: Estimated parameters of the parental investment equations.
(standard errors in brackets)
Age of child - 3 years Age of child - 5 years

(1)
1 
(2)
1 
(1)
2 
(2)
2
Mother NVQ 5 or higher 0.369*** 0.019 0.264** 0.047*
(0.097) (0.029) (0.109) (0.027)
Number of siblings -0.057 -0.014 -0.102** -0.019**
(0.047) (0.015) (0.048) (0.010)
Single parent household -0.074 -0.002 -0.307*** -0.013
(0.080) (0.022) (0.085) (0.019)
Parental socioeconomic status
- managerial/professional 0.611*** 0.013 0.450*** -0.022
(0.066) (0.017) (0.083) (0.017)
- intermediate 0.319*** 0.002 0.230*** -0.014
(0.062) (0.020) (0.079) (0.018)
- small employer/self employed 0.286*** 0.013 0.149 -0.006
(0.074) (0.023) (0.095) (0.020)
- lower supervisors/technical 0.151*** 0.025 0.103 0.027
(0.058) (0.019) (0.089) (0.019)
Specially arranged meeting 0.025 0.027*
(0.064) (0.015)
*** 1%, ** 5%, * 10% level of signicance
Dynamic latent variable equations
Table 4 presents the parameter estimatesAt, Bt and Ct of the dynamic equation (1). There
is a signicant autoregressive e¤ect in both cognitive and non-cognitive development; higher
levels of cognitive (non-cognitive) development foster higher levels of development in future
periods. There is also evidence of cross equation dependence. Cognitive development increases
non-cognitive development in the next period but this e¤ect is only statistically signicant
when the child is 3 years of age. The level of non-cognitive development has a signicant e¤ect
on future levels of cognitive development at age 3, it turns insignicant at age 5 but becomes
signicant again at the age of 7 (p-value of 0.053).
Parental investment is also a signicant determinant of future cognitive and non-cognitive
development. The rst and more general parental investment factor is signicant throughout.
The second parental investment factor related directly to helping children with school related
chores is found to be signicant for cognitive development when children start school but then
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by the time children are 7 it loses its signicance. This might be capturing the e¤ort parents
make when children start school to ensure a good start. Once children are settled into a school
which by and large has been chosen by the parents, they might delegate the role to the school.
This is an important issue worth of further investigation which requires linking a rich set of
school level data to the MCS.
It is of note that the number of months at school when children start compulsory education
has a signicant e¤ect on the level of cognitive development.
Table 4: Parameter estimates of the developmental dynamic equations
Age of child - 3 years Age of child - 5 years Age of child - 7 years
Covariates C1 
N
1 
C
2 
N
2 
C
3 
N
3
Ct 1 0.802*** 0.142*** 0.686*** 0.001 0.901*** 0.005
(0.168) (0.052) (0.033) (0.005) (0.042) (0.006)
Nt 1 5.763*** 3.302*** 0.043 0.470*** 0.101* 0.988***
(1.977) (1.109) (0.038) (0.019) (0.052) (0.033)

(1)
t 1 0.073*** 0.020 0.444*** 0.063*** 0.136*** 0.020***
(0.026) (0.013) (0.049) (0.011) (0.025) (0.006)

(2)
t 1 0.595*** -0.028 0.049 0.020
(0.103) (0.026) (0.076) (0.023)
Months at school 0.030***
(0.010)
*** 1%, ** 5%, * 10% level of signicance
Table A8 in the appendix shows the estimated correlation matrix of the latent variables
in the model. These correlations amongst the latent variables are due to the dynamics as
well as the common inuences of the covariates. The correlations between the initial level of
cognitive (non-cognitive) development and the levels of development at other time periods are
always positive which reects the raw correlations we see in the data in which children with
a high level of cognitive (non-cognitive) development are more likely to show higher levels of
cognitive (non-cognitive) development as they grow up. These correlations with the initial levels
tend to decrease slowly over time; the correlations of the initial latent cognitive (non-cognitive)
development with the latent cognitive (non-cognitive) development at 3, 5 and 7 years are 0.333,
0.261 and 0.231 (0.453, 0.388 and 0.355) respectively. However, the correlations between latent
development in subsequent periods increases substantially; the estimated correlation between
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cognitive (non-cognitive) development between 3 and 5 is 0.745 (0.804) and increases to 0.865
(0.960) between the ages of 5 and 7. These numbers give an indication of the complex nature of
development and show that the starting developmental position has an important inuence on
the developmental path but other continuing inuences such as the parenting activities become
very important inuences as time goes by. This is in line with ndings in the literature and
has been termed dynamic complementarity (see for example Cuhna and Heckman 2007)
4.2 Factor scores
The model estimated in the last section shows that the developmental position of a child in
each period is a function of the past developmental position and is subject to inuences coming
directly from the socioeconomic environment as well as parental inuences. It is di¢ cult to
interpret directly the magnitude of the coe¢ cients and their e¤ect on the level of development
since the latent developmental variables that we are interested in are not observed. However,
we can assign values (factor scores) to these latent variables based on the estimated model
and use them as a simple illustration of their evolution. We use the expected a posteriori
method to calculate the factor scores with 10,000 Monte Carlo simulations. Table 5 shows
the developmental positions of three children in our sample by calculating the proportion of
children with an estimated factor score below that attributed to the child. All three children
have the same level of cognitive development in the rst survey and are at the very bottom of
the distribution. In terms of non-cognitive development there are already substantial di¤erences
in the position of the children in the distribution of non-cognitive development; the rst child is
at the bottom of the distribution, the second one is towards the top of the distribution and the
third one is in between. The background socioeconomic characteristics of these children (Table
6) and the implied levels of parental investment (Table 5) are very di¤erent. Child (a) is in a
less favourable position than the other two children; born in a lower socioeconomic household
to a younger mother who already had 4 other children and will have one more baby before the
child is 3 years old, the mothers education is below NVQ level 5, the child was not breastfed
as a baby and by the time the child reaches 7 years of age the father is no longer present in
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the household. In addition, the implied levels of parental investment are also lower, with large
di¤erences observed when compared to Child (b). By the time the children are 7 years old
there exist large di¤erences in their developmental positions. Child (a) has the lowest level of
both cognitive and non-cognitive development out of the three children. A sizeable gap has
opened between Child (b) and the other two in both cognitive and non-cognitive development
and for these three children in particular, these large gaps are already present by the time the
children are 3 years old. This example highlights the richness and complexities in the dynamics
of the interactions between cognitive and non-cognitive development and parental investment
and other background characteristics.
Table 5: Proportion of children in the survey
with a smaller factor score
Child (a) Child (b) Child (c)
Age of child C0 0.02 0.02 0.02
9 months N0 0.07 0.88 0.40
0 0.23 0.29 0.78
Age of child C1 0.02 0.67 0.17
3 years N1 0.04 0.70 0.13

(1)
1 0.01 0.64 0.23

(2)
1 0.00 0.52 0.13
Age of child C2 0.01 0.74 0.13
5 years N2 0.02 0.82 0.09

(1)
2 0.01 0.58 0.08

(2)
2 0.31 0.86 0.09
Age of child C3 0.01 0.73 0.18
7 years N3 0.02 0.85 0.09
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5 Discussion
It is widely recognised that the rst few years of a childs life are crucial in shaping their future.
Recent research has shown that the levels of cognitive and non-cognitive development inuence
medium term achievements and decisions such as schooling and also long term outcomes such as
employment and wages, smoking and participation in illegal activities. Research has also shown
that gaps in cognitive and non-cognitive abilities form very early in life and are highly persistent
over time. Children from disadvantaged backgrounds have on average lower levels of cognitive
and non-cognitive development. For this reason the document setting out the Governments
policy framework (DfE 2011) places great emphasis on the development of children during the
foundation years and the number of policies and interventions aimed at reducing inequalities
in the formative years has risen. However, despite all the e¤orts, the "Two Years On" data
released in 2012 by the UCL Institute of Health Equity showed that 40% of children in the UK
do not achieve a good level of development at the age of 5.
Childrens development is a complex dynamic process inuenced by the socioeconomic envi-
ronment children grow up in, parenting behaviour and what has been termed the home learning
environment. It is necessary to better understand the complexity of these dynamic relation-
ships if we are to design e¤ective policy interventions to reduce inequalities in cognitive and
non-cognitive development before large gaps form.
The present paper uses longitudinal data from the Millennium Cohort Study to estimate
a dynamic factor model of child development in the UK using the framework of Cuhna and
Heckman (2008). The data covers the early years of a childs life starting from birth up to the
age of 7, the period where interventions to alleviate disadvantages are likely to have the largest
e¤ect and is the rst comprehensive study of development in these early years in the UK. In
line with similar research using data from other countries or data from di¤erent developmental
ages, we nd signicant evidence of a self-productive e¤ect in both cognitive and non-cognitive
development; higher levels of cognitive (non-cognitive) development today foster higher levels of
cognitive (non-cognitive) levels in the future. We also nd evidence of cross-dependence between
di¤erent abilities. In particular, non-cognitive development increases cognitive development in
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the following period, however cognitive development only appears to inuence signicantly non-
cognitive development in the pre-school years. We also nd that parental investment is another
signicant inuence in childrens developmental trajectories similar to other research in the
area. However, the present paper departs from the current literature in one important respect
as we investigate the possibility of more than one factor behind our measures of parental input.
We nd evidence of two di¤erent factors which evolve over time. One factor is more general
and covers a range of activities that parents carry out with their children as well as usual
routines and practices. This factor has a signicant e¤ect in both cognitive and non-cognitive
development throughout all these early years of development. The second parental investment
factor is related to helping children with school matters. This latent parental input a¤ects only
cognitive development at the age of 5, the rst year of compulsory education in the UK. One
possible reason for this pattern could be that once parents have made a decision about the
choice of school for their children, they leave the school to push children forward in academic
matters. The other possible reason is that the timing of this latent variable is di¤erent to the
rst with an almost simultaneous e¤ect rather than a lagged one as postulated in our model.
As a nal point in the paper we illustrate the complex dynamics and interactions between
the developmental variables, the parental inputs and other socioeconomic variables by showing
the relative developmental positions of three children in the sample over time. These three
children had the same level of cognitive development at 9 months but di¤erent levels of non-
cognitive development. By the age of 7 a large gap has opened up in the level of development
(both cognitive and non-cognitive) between one of the children and the other two. The large gap
is partly explained by the child having a signicantly higher level of non-cognitive development
at 9 months and the much higher levels of parental investment at the ages of 3 and 5.
Given the importance of parental investment in the childrens developmental trajectories
throughout the rst few years, e¤orts should concentrate on designing policies to help par-
ents improve the home learning environment. However, these policies will not be successful
if they only have a temporary e¤ect in parental investment as other inuences such as other
socioeconomic circumstances might eventually outweigh the e¤ect. Policies designed to increase
25
parental investment at di¤erent stages of a childs life complemented by policies to tackle the
source of initial inequalities will have a much higher likelihood of reducing the gaps in cognitive
and non-cognitive development.
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Table A3: Unweighted descriptive statistics of sample covariates
Mean Std dev
Birthweight (Kg) 3.47 0.46
Male 0.50 0.50
White 0.88 0.33
Childs age - 1st wave (months) 9.19 0.50
Childs age - 2nd wave (months) 37.54 2.33
Childs age - 3rd wave (months) 62.64 2.91
Childs age - 4th wave (months) 86.78 2.97
Mothers age at birth/10 29.23 5.61
Parental socioeconomic status
- managerial/professional 0.48 0.5
- intermediate 0.14 0.35
- small employer/self employed 0.07 0.25
- lower supervisors/technical 0.09 0.29
- semi-routine and routine (baseline)
Mother NVQ 5 or higher - 1st wave 0.36 0.48
Mother NVQ 5 or higher - 2nd wave 0.36 0.48
Mother NVQ 5 or higher - 3rd wave 0.39 0.49
Single parent household - 1st wave 0.11 0.31
Single parent household - 2nd wave 0.13 0.34
Single parent household - 3rd wave 0.15 0.36
Length of breastfeeding (months) 2.88 3.42
Number of siblings - 1st wave 0.92 1.01
Number of siblings - 2nd wave 1.20 1.03
Number of siblings - 3rd wave 1.38 1.02
Number of months at school- 3rd wave 6.98 2.97
Specially arranged meeting with teachers - 3rd wave 0.16 0.36
English and other language spoken at home 0.08 0.28
No English spoken at home - other language 0.03 0.16
Child a little tired during the assessment according to interviewer 0.21 0.41
Child very tired during the assessment according to interviewer 0.01 0.11
34
Table A4: Parameter estimates of the measurement equations for the cognitive latent variable
Covariates (latent variables)
Measure C0 
C
1 
C
2 
C
3
Gross motor function delay(1) -1
(-)
Fine motor function delay(1) -1.029***
(0.214)
Communicative gestures delay(1) -0.752***
(0.152)
BSR composite standard score 1.257***
(0.047)
BAS Naming Vocabulary 1 1
(-) (-)
BAS Picture Similarity 0.782***
(0.035 )
BAS Pattern Construction 0.959*** 0.954***
(0.044) (0.045)
BAS Word Reading 1
(-)
Numerical&Analytical Skills 1.177***
(0.045)
Covariates (observed variables)
Childs English No a little Very
age White and other English tired tired
Gross motor function delay(1) 5.061***
(0.498)
Fine motor function delay(1) -0.829
(0.514)
Communicative gestures delay(1) -3.364***
(0.349)
BSR composite standard score 0.912*** 0.434*** -0.601*** -1.610***
(0.130) (0.140) (0.157) (0.228)
BAS Naming Vocabulary 0.687*** 0.736*** -1.442*** -2.677***
(age 3) (0.155) (0.125) (0.142) (0.292)
BAS Naming Vocabulary -0.073 0.557*** -1.587*** -2.336*** -0.260*** -0.501*
(age 5) (0.210) (0.122) (0.159) (0.260) (0.080) (0.272)
BAS Picture Similarity 0.126 0.115 -0.110 -0.469** -0.314*** -0.538*
(0.250) (0.134) (0.153) (0.235) (0.087) (0.304)
BAS Pattern Construction -1.534*** 0.215 -0.541*** -0.613** -0.595*** -1.801***
(age 5) (0.251) (0.146) (0.166) (0.258) (0.077) (0.356)
BAS Pattern Construction 0.241 0.800*** -0.101 -0.118
(age 7) (0.208) (0.146) (0.162) (0.267)
BAS Word Reading 0.053 -0.477*** 0.192 0.196
(0.216) (0.155) (0.159) (0.246)
Numerical&Analytical Skills 1.821*** -0.021 -0.413** -0.527**
(0.243) (0.151) (0.167) (0.268)
(1)Dummy variable
*** 1%, ** 5%, * 10% level of signicance
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Table A5: Parameter estimates of the measurement equations for the non-cognitive
latent variable
Covariates (latent variables)
Measure NC0 
NC
1 
NC
2 
NC
3
Low positive mood(1) -1
(-)
Distress to novelty(1) -2.693***
(0.924)
Irregularity(1) -3.103***
(0.987)
Hyperactivity Scale(2) -0.959*** -1.302*** -1.268***
(0.040) (0.048) (0.056)
Emotion Symptoms Scale(2) -0.943*** -1.841*** -2.125***
(0.035) (0.059) (0.065)
Conduct Problems(2) -1 -1 -1
(-) (-) (-)
Peer Problems(2) -0.508*** -0.910*** -0.942***
(0.025) (0.037) (0.036)
Covariates (observed variables)
White Male
Hyperactivity Scale(2) -0.071 0.187***
(age 3) (0.083) (0.044)
Emotion Symptoms Scale(2) -0.178*** 0.002
(age 3) (0.059) (0.033)
Conduct Problems(2) -0.063 0.089**
(age 3) (0.089) (0.038)
Peer Problems(2) -0.248*** 0.002
(age 3) (0.052) (0.034)
Hyperactivity Scale(2) -0.189*** 0.092***
(age 5) (0.071) (0.034)
Emotion Symptoms Scale(2) -0.187*** -0.110***
(age 5) (0.071) (0.037)
Conduct Problems(2) 0.009 0.076***
(age 5) (0.860) (0.024)
Peer Problems(2) -0.131** 0.037
(age 5) (0.054) (0.027)
Hyperactivity Scale(2) -0.158** 0.200***
(age 7) (0.070) (0.037)
Emotion Symptoms Scale(2) -0.070 -0.147**
(age 7) (0.084) (0.040)
Conduct Problems(2) 0.058 0.082***
(age 7) (0.050) (0.025)
Peer Problems(2) -0.155*** 0.048*
(age 7) (0.048) (0.027)
(1)Dummy variable
(2)Higher values indicate worse behavioural problems
*** 1%, ** 5%, * 10% level of signicance 36
Table A6: Parameter estimates of the measurement equations of the parental
investment latent variable at 9 months.
Measure 0
Importance of stimulating the baby(1) -1
(-)
Importance of talking to the baby(1) -2.926***
(0.424)
Importance of cuddling the baby(1) -1.043***
(0.040)
Importance of regular sleeping/feeding times(1) -0.422***
(0.021)
(1)Coded as discrete values ranging from 0 = strongly agree to 4 = strongly disagree
*** 1%, ** 5%, * 10% level of signicance
Table A7: Summary results of the Exploratory Factor Analysis
for parental investment
Childrens age 3 years
Eigenvalues 2.106 1.484 0.924
RMSEA [p<0.05] CFI TLI SRMR
One factor 0.084[0.000] 0.646 0.504 0.090
Two factors 0.024[1.000] 0.981 0.960 0.019
Three factors 0.003[1.000] 1.000 1.000 0.005
Childrens age 5 years
Eigenvalues 2.617 1.266 0.981
RMSEA [p<0.05] CFI TLI SRMR
One factor 0.067[0.000] 0.886 0.847 0.064
Two factors 0.034[1.000] 0.980 0.961 0.027
Three factors 0.019[1.000] 0.996 0.987 0.014
Note: RMSEA: Root Mean Square Error of Approximation
SRMR: Standardised Root Mean Square Residual
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